The aim of the observations was to determine the species composition of the Carabidae occurring in apple orchards with integrated and organic pest management, and to determine the impact of the surrounding areas on the Carabidae fauna appearing in those orchards.
Introduction
Ground beetles of the Carabidae family are considered useful entomofauna since they are natural enemies of many pests and help regulate the numbers of harmful insects, which results in providing environmental resistance to phytophagous insects [1] [2] [3] [4] . The Carabidae are often used in studies monitoring the environment and are called bioindicators. On the basis of their occurrence, the state of degradation or development of habitats can be determined [5] [6] [7] [8] .
As a result of agricultural intensification, particularly over large areas and with limited crop rotation, a significant reduction in biodiversity is observed [4] . The land and crop management systems usually have a strong influence on the abundance and diversity of arthropods. Apple orchards are under intense chemical pest and disease control. The side effects of the use of pesticides on ground-dwelling predators such as carabids may be direct through mortality or lower fecundity, or indirect through a reduction in the biomass of their prey [9] . When orchards with different chemical treatments are compared, the biodiversity and abundance of the Carabidae are generally lower in the orchards managed with broad spectrum insecticides [10] [11] [12] . Other management aspects such as groundcover or the biodiversity of neighbouring areas also have an impact on carabids [9, 10] .
The aim of the observations was to determine the species composition of the Carabidae occurring in apple orchards with integrated and organic pest management, and to determine the impact of the surrounding areas on the Carabidae fauna appearing in those orchards.
Materials and Methods

Research Sites
The observations were carried out in 2012-2013 in southeastern Poland, near Przemyśl (49.82°N, 22.79°E) in three apple orchards where integrated pest management (IPM) was applied (sites I-III, area of 9, 10, 8.5 ha, respectively), and in one organic (ecological) apple orchard (site IV, 9 ha) with 'Szampion,' 'Elise' and 'Elstar' cultivars. The neighbouring areas of the orchards consisted of: site I -woodlands, shrubs and herbaceous plants; site II -a pear orchard and herbaceous plants; site III -a pear orchard, woodlands with a predominance of spruce and herbaceous plants; site IV -a walnut orchard and herbaceous plants. Plant habitat in surroundings of apple orchards is shown in Table 1 .
No chemicals were used in the ecological orchard, while the plants in the IPM orchards were conducted in accordance with the methodology of integrated production. Effects of Surrounding Environment...
Carabid Sampling
Surface-active carabids were collected using modified covered Barber pitfall traps. Each trap consisted of a plastic jar 10 cm in diameter and 300 cm 2 in size, half-filled with 25% ethylene glycol to kill and preserve the trapped insects, and set into the ground up to its upper edge [13] . A small roof was installed above each trap to prevent rainwater from flowing into the jar, diluting the solution and causing the trap to overflow. Three traps in a row between trees, set 10 m from one another, were placed in each of the experimental orchards. Samples were collected from the beginning of May until mid-August every 14 days, when the preserving solution was supplemented and the beetles from the traps were transferred into 75% ethanol.
The identification of the collected carabids was based on key [14] , using the terminology proposed by Stachowiak [14] . The captured Carabidae individuals were then analysed with respect to species composition, abundance, dominance structure and frequency.
Statistical Analysis
In order to verify the differences between carabid assemblages, 2-way (surrounding neighbourhood, production system) analysis of variance ANOVA (Statistica version 10.0) was used. Post-hoc multiple comparisons were made by Tukey's Honestly Significant Difference (HSD) test with the level of significance at p<0.05.
Results
The species composition of the carabids collected on the ground of the investigated apple orchards is shown in Table 2 . During the observations, 367 individuals belonging to 17 species from 15 genera were found. Considerably more beetles were caught in 2012 than in 2013 (222 and 145, respectively). The number of the collected species ranged from 7 on site II (IPM apple orchard surrounded by a pear orchard and herbaceous plants) to 13 on site IV (organic apple orchard surrounded by a walnut orchard and herbaceous plants) ( Table 2 ).
There were significant differences in the number of beetles occurring on the various sites. In both years of research, the Carabidae were the most numerous on site IV (ecological orchard). In this orchard, no chemical treatments were used. Of the three orchards where integrated pest management was applied, the Carabidae most often occurred in the orchard with the most varied vegetation in the neighbourhood -site I. The presence of trees and shrubs with herbaceous vegetation provides an ideal living place for the beetles. The obtained results confirm the rule according to which the diversity of habitats is connected with an increase in the number of species, which often occurs as recedents and subrecedents increase biodiversity.
However, in the apple orchard on site I some pesticides were used (according to the methodology of integrated production), which could have contributed to a smaller number of beetles in relation to site IV (organic orchard) ( Table 2 ). The lowest number of beetles was reported for site II, with the poorest vegetation in the neighbourhood.
The species that dominated the carabid assemblages in the orchard habitats was Harpalus rufipes -which constituted more than 70% on site II and about 60% on sites I, III and IV (Table 2 ). It was classified as eudominants. The genus Amara on sites I and IV and the species Pterostichus melanarius on site III were also eudominants. On the other sites, this species was classified to subdominants (sites I and IV) or recedents (site II) ( Table 2) .
It can be concluded that on site I (IPM orchard) -5 species (Nebria brevicollis, Poecilus cupreus, Harpalus affinis, Anisodactylus binotatus, A. signatus) and 2 genera (Harpalus, Ophonus) belonged to the class of subrecedents, on site IV (organic orchard) -5 species (Diachromus germanus, H. affinis, Zabrus tenebrioides, Anchomenus dorsalis, Carabus granulatus) and 1 genus (Harpalus) were also subrecedents, whereas on sites II and III there were no subrecedents ( Table 2) .
The frequency of the Carabidae on the different sites varied. The most numerous was H. rufipes, and the frequency ranged from 33% to 37%, which means that this species was recorded in more than one-third of the collected samples. The genus Amara occurred in large numbers on sites I and IV, where it was recorded in a quarter of the samples, while on the remaining sites its frequency was low (Table 2 ). Some species, e.g., Carabus ulrichii, D. germanus, Dolichus halensis, and Z. tenebrioides were noted only in the organic orchard (site IV). In both years of observations, the largest numbers of species (10 in 2012, 9 in 2013) were found in the ecological orchard (site IV), whereas the smallest number (4) was recorded in 2012 on site IIthe IPM orchard with poorly diversified vegetation in the neighbourhood. Species richness on the sites ranged from 3.5 (site II) to 5.8 (site IV) ( Table 3) .
A similarity of over 50% was observed between sites I and III, and I and IV, while the least similar to each other were sites II and III, and II and IV (Fig. 1) . The high similarity between sites I and III (with IPM) can be explained by the fact that in the surroundings of these orchards dense plant cover of herbaceous plants, shrubs and trees created specific diverse habitats for carabid beetles (Table 1) , whereas the poor vegetation around orchard II limited the number of carabids in this site. The high similarity between the places with the most varied vegetation and ecological orchard suggests that not only the management system but also the surrounding orchard play a major role in the occurrence of ground-dwelling arthropods
The trophic structure of the collected beetles showed 9 species of small zoophages, 5 species of large zoophages, and 3 species and 4 genera of hemizoophages (Table 2) . Statistically significant differences were found between the number of species and between the specimens of different feeding types occurring on the different sites. The largest numbers of species of small zoophages were recorded on sites II (5) and IV (6), of large zoophages on sites III (3) and IV (4), and of hemizoophages on site IV (3 species and 2 genera) ( Table 2) .
In terms of the number of specimens, the hemizoophages represented by the species H. rufipes, H. affinis, D. germanus and the genera Amara, Ophonus and Harpalus constituted the dominant group among the collected Carabidae -the highest number was found in the ecological orchard (site IV) -113 individuals, with the smallest number found on site II -39 beetles (Fig. 2) . On site I, this group constituted 85% of all the collected beetles -the highest percentage out of all the sites.
There were no significant differences between the small and large zoophages occurring on each site except for site III, where large zoophages were more numerous (21% of all the beetles caught). Statistically significant differences were found between the number of large 
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zoophages occurring on sites II and III -the largest amount of these beetles was recorded on site III (17 specimens). There were no significant differences in the number of small zoophages between the orchards with IPM (site I, II, III); the largest amount was noted on the ecological site (IV) -19 beetles, but this was only 13.4% of all the collected beetles (Fig. 2) . The recorded species belonged to: forest species (7 species -41.1%), open-habitat species (6 species -35.3%), and eurytopic species (4 species -23.5%). Among the zoogeographical groups, the largest group (58.8%) was composed of Palaearctic species, and a slightly smaller group (35.3%) of Euro-Siberian species. The remaining Euroarctic species were represented by one species N. brevicollis (5.8%) ( Table 2) .
In terms of hygro preference (humidity), the dominance of mesohygrophillic species was noted, whereas in terms of the type of development, the spring species dominated (Table 2) .
Discussion
During the study, 367 individuals of the Carabidae family, representing 15 genera and 17 species, were caught. Most of them are common in southeastern Poland [14] ; however, the study also showed the presence of the very rare species D. germanus. Dominated hemizoophagous species were represented by the species H. rufipes, H. affinis and D. germanus and the genera Amara, Ophonus and Harpalus. Similar carabidae assemblages are reported by Kosewska [15] , who noticed mainly hemizoophages and medium zoophages on the studied plantations.
H. rufipes was the dominant species on the examined sites (both in the orchards with integrated and ecological production). According to Kosewska and Nijak [16] , H. rufipes also dominated in organic and integratedmanagement cultivation system of potato. Nietupski [17] and Luff [18] had noted the dominance of this species in an orchard with integrated production as well as in the cultivation of strawberries. According to Lochard et al. [1] , Harpalus affinis and H. distinguendus were the best biocontrol agents of fruit fly populations in spring. Luff [18] found out that the genus Harpalus, feeding on weed seeds, can significantly reduce them in crops. This is very important, especially in the ecological system of crop cultivation, where the use of herbicides is prohibited [19] . Also Brygadyrenko et al. [20] observed that the Harpalus sp. consumed a wide variety of seed species, which were one of the main sources of energy for carabids of this particular species.
The differentiation in species composition as well as the abundance of beetles occurring on the different sites depended on the type and diversity of the examined habitats. The highest species richness and abundance of the Carabidae was found in the ecological apple orchard surrounded by walnut trees and herbaceous vegetation. This demonstrated the favourable habitat conditions prevailing at site IV, where no chemical treatments were used. This kind of management can improve the condition of these beneficial organisms.
An interesting aspect was the predatory/ hemizoophages species ratio found in the orchards. The higher ratio of zoophages to hemizoophages in the ecological orchard showed that the environment provides a good source of prey. The presence of predator species suggested that biological control is active in the ecological orchard. The slightly lower ratio of zoophages/hemizoophages in the IPM orchard where chemical treatment was applied suggested that the potential prey was eliminated and indicated a limited attraction of predatory beetles who might otherwise feed on apple tree pests.
The species composition and abundance of beetles occurring on the different sites depended on the different production systems, type of the examined habitats as well as the degree of differentiation of the surrounding plants. It has been stated that the highest species richness and abundance of the Carabidae was noted in the ecological orchard (site IV). This was most probably a consequence of the method of production, where no chemical treatments were used, which thus created favourable conditions for the development of the Carabidae. In contrast to the organic orchard, in which the species composition of the Carabidae was determined by the environment, the factors that significantly affected the Carabidae populations in Effects of Surrounding Environment... the IPM orchards were pesticide treatments, although the presence of refuge sites in the neighbourhood contributed to the increase in the species richness of the Carabidae.
As has been pointed out by several authors [11, 12] , the use of insecticides in apple orchards adversely affects ground beetle species richness and abundance. Nietupski [17] found that among the pesticides used in IFP orchards, herbicides negatively affected the catchability of carabids. Also, Simon et al. [9] noted the negative effect of pesticides on ground-living arthropods. Sądej et al. [21] pointed out that the most significant factor affecting carabids consisted in type of soil management and fertilization. Significantly more carabid individuals were found in the fallows compared to the experimental plots.
The presence of large zoophages and forest species on the examined sites is evidence of their good ecological status. A large amount of open-area species demonstrates the migratory ability of ground beetles, which can find shelter in bushes and trees surrounding orchards [22] [23] [24] . Beetles are quite mobile insects, and as they are considered to travel within a 450 m radius, the surrounding area is quite important for them. The surroundings, including hedges, field margins, influences on the beetle population thus providing shelter and an alternative food source for them. Hanson et al. [23] suggested that the dispersal ability of ground beetles enables them to compensate for local management intensities. The presence of zoophagous carabids in crops is highly desirable due to their role in pest control [1] [2] [3] [4] . Carabids play a large role in control of pests in orchard systems, particularly as predators of aphids -especially those that fall on the ground, but some species, such as Anchomenus dorsalis, is attracted by honeydew and can climb trees to reach their prey. They are effective biological control agents, able to respond quickly to wherever a pest infestation occurs [22] .
Some studies have compared the effects of chemical and ecological management in different crops. Winqvist et al. [4] noted that as farm scale intensity increased, overall abundance of Carabidae decreased. Authors observed that total species richness was not affected by yield, whereas phytophagous and omnivorous species were less abundant on conventional farms. In contrast, Melnychuk et al. [25] , studying the occurrence of carabids in forage grain, found no significant differences in species diversity or abundance between different farming systems. Hanson et al. [23] , working on ground beetles in fields with different agricultural land use, found out that increasing management intensity reduces the average body size of carabids and the proportion of mixed feeders. Also, Kosewska [15] , studying the effect of plant protection treatments on the occurrence of Carabidae beetles, noted the negative effect of the application of plant protection chemicals -especially herbicides and insecticides -on the occurrence of most Carabidae species.
The presence of refuge places contributes to an increase in the species richness of the Carabidae [22, 24] . Both the cultivation system and plant species influence the abundance and diversity of ground beetles. It confirms the biocenotic rule according to which the diversity of habitats is accompanied by the increase in the number of species, often occurring as recedents and subrecedents contributing to the preservation of biodiversity. Okrutniak et al. [26] found out that higher heterogeneity of surroundings provides more diverse places for the development of a much higher number of carabid species than homogeneous sites. According to authors, dense vegetation increases humidity, creating the microclimate favorable for especially mesohydrophilic carabid species. According to other authors, the diversity of the Carabidae is affected by the type of agrocenosis, cultivation system, and the diversification of the landscape around the studied area. Plants surrounding the fields could be a place of refuge and a source of food for carabids, resulting in the proliferation of the beetles [27] . The present study showed how the orchard management system and differentiation of plants surrounding orchards were important factors in protecting ground beetles -natural enemies of many pests -in apple orchards, and how the biodiversity of this group might be enhanced with a specific practice.
Conclusions
Organic and integrated systems of managing apple orchards had a different effect on carabid communities. The use of plant protection chemicals had a negative impact on the assemblages of the Carabidae as the number and biodiversity of beetles on site where no pesticides were used were higher than on other sites. Among the IPM orchards, the largest fauna of the carabids was in the orchard with the most diverse plant habitat: herbaceous plants, shrubs and trees in its neighbourhood. The presence of refuge areas and their vegetational diversity contributed to the increase in the species richness of the Carabidae.
The ecological structure of an orchard should be created in such a way as to provide favourable conditions for the protection and proliferation of the Carabidae in their natural habitat.
